AD726945 


Research  and  Development  Technical  Report 
ECOM-3421 


RADIO  POLARIZATION  MODULATION 


Kurt  Ikrath 


May  1971 


DISTRIBUTION  STATEMENT 

Approved  I  or  public  release; 
distribution  unlimited. 


ECOM 

UNITED  STATES  ARMY  ELECTRONICS  COMMAND*  FORT  MONMOUTH.  N  J. 

Reproduced  by 

NATIONAL  TECHNICAL 
INFORMATION  SERVICE 

Springfield.  Va.  22151 

WL 


NOTICES 


Disclaimers 


.CCttSlOH  I* _ 

WHITE  SECT  I M 


noc 

.r-A’flMlCf* 

lAtihc.nefl 


HUfF  SECTION  □ 

□ 


!’Y 


QISTR.8UTI0irAYJMUin.nT  COOES . 
BIST.  I  AVAIL  Mi/ Of  SPECIAL! 


f) 


The  findings  in  thin  report  are  not  to  be  construed  as  an 
official  Department  of  the  Army  position,  unless  so  desig¬ 
nated  by  other  authorized  documents. 

The  citation  of  trade  names  and  names  of  manufacturers  ia 
this  report  is  not  to  bo  construed  as  official  Government 
indorsement  or  approval  of  commercial  products  or  services 
referenced  herein. 


/ 


Disposition 

Destroy  this  report  when  it  is  no  longer  needed.  Do  not 
return  it  to  the  originator. 


Sscurity  Classification 


DOCUMENT  CONTROL  DATA  ■  R  &  D 

(Security  cleeelllcatlon  oi  title,  body  el  abe  tract  end  Indexing  annotation  ante!  be  entered  when  the  overall  report  It  cleeellled) 


1.  or.Oinatino  ACTIVITY  (Corporate  audtor) 


la*.  REPORT  ISCURITV  CLASSIFICATION 


U.S.  Army  Electronics  Command 
Port  Monmouth,  lew  Jersey  07703 


Unclassified 


*•  REPORT  TITLE 


Radio  Polarization  Modulation 


4.  DESCRIPTIVE  NOTH  (Type  ol  report  and  Ineluelee  da  tee) 


«.  DESCRIPTIVE  NOTH  (Type 

Technical  Report 


»•  au  THOR(l)  (First  nmara,  mlddts  Initial,  Imat  naata) 


Kurt  Ikrath 


S-  REPORT  DATE 

May  1971 


•a.  CONTRACT  OR  CRANT  NO. 


b.  PROJECT  NO.  ITO  61101A  91A 


e.  Task  No. 


•t.  Work  Unit  No. 


10.  OISTRII 


7a.  TOTAL  NO.  OP  PACES  7b.  NO.  Of  REFS 

115  o 


Sa.  ORIOINATOR'S  REPORT  NUMBER'S) 


ECOM-3421 


Sb.  OTHER  REPORT  NOISI  (Any  other  number*  that  may 
t hie  report) 


be  aoalgned 


Approved  for  public  release;  distribution  unlimited. 


12«  SPONSORING  JMU  LI  TARY  ACTIVITY 

U.S.  Army  Electronics  Command 

ATTN:  AMSEL-NL-R-4 

Fort  Monmouth,  New  Jersey  07703 


A  theoretical  analysis  is  given  of  transmission,  reflection, and  scatter  of 
polarization  modulated  radio  waves.  Practical  implications  for  communications 


and  surveillance  are  discussed. 


(  /V 


irity  Classification 


Radio 

Polarization 

Reflection 

Scatter 


Reports  Control  Symbol  OSD  -1366 


TECHNICAL  REPORT  ECOM-3^1 

RADIO  POLARIZATION  MODULATION 
by 

Kurt  Ikrath 

Comm/ADP  Laboratory 


MAY  1971 

DA.  Work  Utait  Xo.  HO  61101A  91A  09  601 


Approved  for  public  release; 
distribution  unlimited 


U.  S.  ARMY  ELECTRONICS  COMMAND 
FORT  MONMOUTH,  NEW  JERSEY  07703 


ABSTRACT 

A  theoretical  analysis  is  given  of  transmission, 
reflection, and  scatter  of  polarization  modulated  radio 
waves.  Practical  implications  for  communications  and 
surveillance  are  discussed. 
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RADIO  POLARIZATION  MODULATION 


INTRODUCTION 


In  accordance  with  Radio  Engineering  terminology  polarization  is  defined 
as  the  angle  between  the  electrical  field  vector  and  a  reference  plane  such 
as  for  example  the  earth's  surface.  Radio  Polarization  Modulation  refers 
to  a  semaphore  type  signal  transmission  mode  where  information  is  conveyed 
by  variation  of  this  polarization  angle  relative  to  a  reference  system 
(Refs.  1  and  2).  This  system  can  be  defined  directly  in  terms  of  the  geo¬ 
metrical  relations  and  symmetries  of  the  transmitter  and  receiver  antenna 
configuration  or  indirectly  in  relation  to  their  respective  environments. 

These  reference  systems  need  not  be  static,  instead  they  could  be 
dynamic j  but  in  the  dynamic  case  and  for  communications,  their  changes  in 
time  and  space  must  be  made  known  to  transmitter  and  receiver.  Transmission 
of  both  user  and  or  system  reference  change  information  via  the  polarization 
modulation  signal  mode  is  constrained  in  principle  by  phenomena  intrinsic 
to  the  generation  of  oscillatory  rotating  electromagnetic  fields  and  by 
the  dynamic  range  and.  frequency  bandwidth  of  transmitter  and  receiver. 
Practical  limitations  for  communications  via  the  polarization  modulated 
radio  signals  arise  from  their  great  sensitivity  to  pertubation  by  tropo¬ 
spheric  and  ionospheric  propagation  phenomena  (Ref.  2).  Similarly  variable 
ground  reflectivity  and  scatter  from  man  made  objects  do  more  harm  to  the 
polarization  modulation  mode  than  to  any  other  transmission  mode. 

In  fact  the  subsequent  theoretical  discussion  was  motivated  by  the 
need  to  find  an  explanation  for  the  observed  Lifluence  of  automobile 
traffic  density  on  the  Garden  State  Parkway  on  the  distortion  of  polari¬ 
zation  modulated  VHF  radio  signals  which  were  transmitted  via  line  of 
sight  from  Fort  Monmouth  to  Middletown,  New  Jersey. 

DISCUSSION 

I.  The  Ideal  Free  Space  Case 

Confirming  to  the  practical  experimental  implementation  of  the  xmtr 
antenna,  the  crossed  electrical  dipole  moments  M  and  N  shown  in  Figure  1 
are  used  as  theoretical  transmitter  model.  In  the  ideal  regular  polari¬ 
zation  modulation  case  the  transmitter  antenna  is  operated  in  such  a  way 
that  the  moments  M  and  N  have  equal  magnitude  A  and  are  90  degrees  out  of 
phase  with  respect  to  their  radio  carrier  frequency  currents,  and  in  phase 
with  respect  to  the  phase  modulation  of  these  RF  currents. 

This  phase  modulation  is  expressed  here  by  the  function"^(t) .  Using 
the  coordinate  and  base  vector  notation  of  Figure  1 


1 


'  1 

i 

-  tjF.  a*?. 

ve 

•  CM  o/[a;  £) 

■SMc/ft;j) 

,  * 

w('*^ 

ft*)1 

l+*  +  r 

J,  k  u>f 

(l%f~  t'*%) 

\ 

&■  COi  $ 

CM 

•"Hi- 

i  ^ 

/+  9  9 

*"  +  JtL. 

4>!x'  ^i2" 

where : 


-  CJS  $tA  -*■  y?  +  y'/r) 


T=  %-A-t 

(0s 


(1) 


In  this  equation  one  recognizes  the  appearance  of  the  phase  modulation 
function  in  the  anplitude  terms.  The  superscript  dot  denotes 
differentiation  with  respect  to  local  time  t  of  ofj  as  function  of  retarded 
time  X  }  u*s“ke  c  denotes  the  steady  state  carrier  frequency  in  radians 
per  unit  time,  ks  the  propagation  factor  and  c  speed  of  light.  The  physical 
meaning  ofJ&L  and  of  becomes  evident  by  considering  for  example 


A<$-  S/n&pi  =  —  *  sfacjf/ 


(2) 


where  v*j  is  the  polarization  modulation  frequency;  A  \  and  L  A  denote 
respectively  the  maximum  phase  and  frequency  deviation.  It  follows  that  the 
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the  produce  of  this  FM  modulation  index  with  the  ratio  of  modulation  to  RF 
carrier  frequency.  The  numerical  values  involved  are  very  small  in  practice. 

For  example  forf-  a  ~  =  10  kHz  =  100  kHz  and  £  -  =  100  MHz 

/  i  i  Sk  3Tr 

the  values  of  f  ^|an d  J  J”*  are  respectively  10“^  and  10“  7 .  Though 

and  are  in  practice  very  small  compared  to  one  their  appear¬ 

ance  in  the  amplitude  terms  of  the  electrical  field  in  Equation  1  shows 
that  polarization  modulation  is  accompanied  by  a  small  amplitude  modulation. 
The  geodesic  features  of  the  polarization  modulated  radiation  field  Ep  are 
seen  by  writing  the  transverse  field  (M  and  15  components)  as  a  superposition 
of  two  fields  Ep^  and  EJp2  as  follows: 
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(6) 


An  observer  located  off  frca  the  s  symetar  axes  viewing  the  transmitter 
antenna  under  an  angle  AJ  would  see  the  K_  field  veotor  traoe  an  ellipse 
with  an  eccentricity  of  sin  Ju  •  This  is  Illustrated  by  the  nonalised 


Ipj/fcpg  and  Ip^/Kpg  vector  diagnuns  in  Figures  2a,  2b. 
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Referring  to  Equation  (6')  and  the  previously  mentioned  values  for  one 
can  assume  that  contributions  by  Ep2  to  the  total  field  are  negligibly  small 
in  practice.  The  observed  radiation  field  Ip  is  therefore  described  by  1^. 
Using  the  numerical  example  the  amplitude  modulation  of  is  found  via 
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i.e.  negligibly  small  in  this  ease. 

Carrier  Suppressed  Polarisation  Modulation 

The  steady  state  rotation  of  the  electrical  field  vector  at  the 
carrier  frequency  s  is  purely  redundant  and  can  be  suppressed.  The 
corresponding  mathematical  expressions  are  obtained  by  replacing  with 
in  Equation  1  to  yield  E  and  by  forming  i  3g(E  +  E) .  The  resultant  carrier 
suppressed  1  (CS)  polarisation  modulated  field  is  described  below 
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The  is  generated  in  practice  by  amplitude  modulation  of  the  RF 

carrier  such  that  there  io  a  90  degree  phase  difference  between  the  audio 
modulation  rgdlated  on  respectively  the  M  and  H  dipole  carrier.  Neglecting 
the  and  -dL  terms  in  Equation  (7)  the  carrier  suppressed  polarisation 
modulated  far  field  reduced  toi 
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A  discussion  of  polarisation  modulation  would  not  be  complete  without  an 
Investigation  of  the  effects  from  faulty  operating  conditions,  e.g.  wrong 
phasing  of  the  crossed  dipoles.  Such  an  Investigation  is  carried  out  in 
the  appendix  where  the  field  obtained  with  a  180  degree  instead  of  a  90 
degree  KF  phase  difference  Is  derived  (Appendix  A,  Section  b.  Equation  A.U.5X 

In  effect  faulty  phasing  conditions  and  corresponding  signal 
distortions  arise  also  from  propagation  phenomena  such  as  discussed  in  the 
following  sections. 

II.  Automobile  Traffic  Density  Induced  Distortion  of  Polarisation  Nodulated 
Signal  Transmissions. 

For  ohe  purpose  of  discussion  consider  a  VHF  line  of  sight  radio  link 
and  the  corresponding  theoretical  model  described  by  Figure  3. 
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Ab  before  the  croseed  M^  and  N-  dipoles  are  driven  90  degrees  out  of  phase 
with  respect  to  the  radio  carrier  frequency.  To  provide  a  physical  tinder- 
standing  of  the  well  known  mathematical  solutions  for  the  fields  from 
vertical  end  horizontal  dipoles  above  various  types  of  ground  (Refs.  3  to  6) 
consider  first  the  electrostatic  case.  From  the  static  point  of  view  the 
antenna  field  distribution  is  conceived  as  generated  by  primary  and  secondary 
source  charges;  in  this  case  the  secondary  source  charges  are  the  imperfect 
image  and  the  influence  charges  at  the  air  to  ground  boundary  which  balance 
the  primary  charges.  These  primary  and  secondary  charges  become  in  the 
dynamic  case  the  sources  of  primary  (direct)  and  secondary  waves.  Hence  the 
secondary  source  charges  are  also  referred  to  as  reflected  and  refracted 
charges.  These  give  rise  to  reflected  and  refracted  and  boundary  surface 
wave  modes.  The  latter  provides  the  continuity  between  the  wave  fronts  of 
the  reflected  and  refracted  waves  at  the  boundary  of  the  different  media 
involved. 

From  the  mathematical  point  of  view  surface  wave  modes  represent  the 
smooth  spatial  transient  response  to  the  discontinuity  in  the  wave  number 
spectrum  associated  with  these  media  boundaries  i.e.  in  our  case  the  boundary 
between  air  (^aW^^and  ground  (-gyS  mjT/^  ».• 

In  this  respect  surface  wave  modes  are  similar  to  the  smooth  voltage  or 
current  transients  in  electrical  circuits  which  are  caused  by  jump  like 
changes  of  lumped  .circuit  parameters.  Closed  solutions  for  Fourier  Integral 
representations  for  these  parametric  induced  circuit  transients  may  not  be 
attainable  in  practice.  In  this  case  one  resorts  to  numerical  methods  of 
evaluation  using  oonputers  or  guided  by  the  physical  nature  of  the  problem 
approximations  for  the  integrals  involved. 

These  latter  type  of  approximations  are  used  here  for  the  Hankel 
Integral  representations  of  the  Herts  Vector  functions  *tf  x  and  TTf  for 
respectively  the  horizontal  M*  and  the  vertical  NB  dipole  moment  (Appendix  B, 
Equ.  B.2.1  to  B.2.8). 

In  this  approximation  known  as  the  Saddle  Point  Method  of  Integration, 
the  Hankel  functions  in  the  Integrand  are  replaced  by  their  asymptotic 
values  and  the  integration  with  respect  to ,  the  conplex  elevation  angle, 
is  carried  out  along  an  extremal  path,  i.e.  a  path  for  which  the  integral 
value  changes  most  rapidly  within  the  shortest  path  length.  This  path  leads 
through  the  extremum  of  the  conplex  integrand,  i.e.  the  Saddle  Point  (hence 
the  name  "Saddle  Point  Method"). 

This  extremal  path  of  integration  through  the  Saddle  Point  intersects 
the  real  4^ x  axes  at  an  angle  of  kS  degrees  (Appendix  B,  Fig.  B.3.U)  and 
yields  the  first  term,  the  Saddle  Point  Contribution,  that  represents  the 
reflected  space  waves  (Appendix  B,  Equ.  B.3«39)» 

The  surface  wave  modes  which  arise  from  singularities  in  the  integrand 
correspond  to  higher  order  terms  in  the  approximations  for  the  Hankel 
Integrals .  Higher  order  is  here  synonymous  to  values  of  o{,  1  which  are 
larger  than  the  critical  angle  for  striking  incidence  of  rays  emanating 


8 


from  the  linage  source  location  (Fig.  3  and  Appendix  B.  Equs.  B.3.U3  to 
B.5>»57) .  In  the  long  ware -low  frequency- case,  where  the  ground  medium  le  In 
the  conductive  regime  (^<  ■  w.  )  and  transmitter  and  receiver 

heights  aj  well  as  the  surface?  roughness  of  the  terrain  are  small  compared 
to  the  wave  length,  the  series  expansion  approximation  would  be  dominated 
by  the  pole-residue  term  which  is  usually  referred  to  as  the  ground  surface 
wave  mode.  This  mode  is  characterized  by  the  negative  half  power  of  the 
distance  type  decay  of  its  field  strength. 

This  mode  plays  a  dominant  rola  In  thecomposition  of  LOW  frequency  radio 
signals  at  distances  from  the  transmitter  which  are  short  relative  to  the 
dimensions  of  the  earth-ionosphere  duct.  These  ground  surface  wave  contri¬ 
butions  become  negligibly  small  at  frequencies  which  exceed  the  critical 
ground  frequency  »  *3  /{  .  In  the  corresponding  dielectric  ground 

regime  the  path  through  the  Saddle  Point  traps  Instead  of  the  pole  a  branch 
cut  singularity  as  o(  exceeds  the  critical  angle  . 

Tho  resultant  "branch  cut"  term  dominates  the  series  expansion  approxi¬ 
mation  for  transmitter  and  receiver  heights  h  and  hr  which  are  governed  by: 

£  £  <" A^/ £  £  <"  io  (9) 

In  practice  the  roughness  of  the  terrain  becomes  a  SIGNIFICANT  factor  In  the 
attenuation  by  diffuse  scatter  of  this  kind  of  ground  wave  mode  which  is  also 
referred  to  as  the  lateral  wave  mode  (Ref.  6).  Applying  the  field  equations 
obtained  by  Saddle  Point  Approximation  Method  (Appendix  B,  Equs.  B.3.22  to 
B.3.73)  to  the  problem  described  by  Figure  3  one  arrives  at  the  following 
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For  balanced  antenna  momenta  Kx-Na-A  and  for  the  transmitter  and 
receiver  height  h  uaed  in  practice  the  second  lateral  wave  term  characterised 
by  exponential  decay  with  height  h  ia  negligible,  except  for  possibly  the 
small  wave  front  tilt  produced  by  its  y  component.  The  most  significant 
contribution  to  the  total  field  is  for  all  practical  purposes  given  by  the 
first  term  in  Equation  10.  This  term  represents  the  superposition  of  the 
direct  with  the  reflected  wave  where  the  upper  minus  signs  ars  valid  for 
the  dielectric  and  the  lower  plus  signs  for  the  conductive  regime  in  the 
local  reflecting  area  half  way  between  transmitter  and  receiver.  (Fig.  3)* 
This  local  reflecting  area  is  in  the  experimental  system  identified  as  the 
Red  Bank  Section  of  the  Garden  State  Parkway  about  half  way  between  the 
Fort  Monmouth  and  Middletown,  New  Jersey  Terminals.  This  section  of  the 
parkway  bulges  toward  north  at  and  around  its  No.  109  exit -entrance. 

Thus,  equating  the  dielectric  ground  regime  with  aero  and  the  conductive 
ground  regime  with  infinite  automobile  traffic  density  aa  limiting  cases, 
explains  the  observed  influence  of  traffic  density  on  the  distortion  of  the 
polarisation  modulated  VHF  signals. 

Inspection  of  Equation  (10)  shows  that  these  distortions  arise  primarily 
from  the  changes  in  the  vertical  field  component  Eg.  Within  the  given  limits 


Thus  knowledge  gained  about  the  traffic  density  at  and  around  the  Parkways 
No.  109  Red  Bank  exit-entrance  is  paid  by  information  lost  to  the  correspond¬ 
ing  signal  distortions. 

Hence,  from  the  traditional  engineering  point  of  view,  there  seems  to 
be  no  reason  why  polarisation  modulation  by  itself  would  be  a  better  mode 
of  radio  comnunioations .  In  fact,  the  depolarisation  effects  associated 
with  propagation  through  heterogeneous  and  anisotropic  natural  radio  propa¬ 
gation  media  and  ground  reflections  do  more  harm  to  the  polarisation  modu¬ 
lation  mode  than  to  any  other  conventional  radio  signal  transmission  mode  as 
far  as  preservation  of  signal  information  is  concerned. 
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However,  the  communications  capability  of  the  system  is  not  completely 
sacrificed  in  applying  this  sensing  sensitivity  of  polarization  modulation 
radio  signal  transmission  to  ground  surveillance.  In  fact,  comnunications 
and  surveillance  functions  can  be  combined  by  control  of  RF  power,  correspond¬ 
ing  AM  modulation  index  and  phase  of  the  modulation  functions  <\J/  x(t)  and 
ryvz(t)  which  must  be  applied  to  the  Mg  and  Nz  transmitter  antenna  elements 
respectively  so  as  to  compensate  for  signal  distortions  produced  by  target- 
induced  variations  of  the  reflectivity  of  the  local  reflecting  area  which  is 
under  surveillance. 

By  neglecting  interference  from  t^e  ground  surface  wave  (branch  cut) 
terms  and  terms  involving  < <.  1  and-i  ^  1,  one  could  compensate  for 
the  bumper-to-bumper  parkway  traffic  dtehsity  induced  signal  distortion  by 
changing  either  the  RF  or  the  modulation  phase  difference  between  the  Mg  and 
the  Nz  channel  by  90  degrees  and  redistribution  of  the  transmitter  power  to 
satisfy  the  condition: 


(13) 

Further  in  constructive  partnership  with  conventional  radio  signal  trans¬ 
mission  modes,  polarization  modulation  can  provide  another  dimension  to 
radio  communications  and  surveillance-related  functions.  As  a  practical 
exanple,  let  us  consider  radio  communications  using  polarization  and 
amplitude  modulation. 


III.  Dual  Amplitude  Modulated  and  Polarization  Modulated  Radio  Signal 
Transmission. 


Replace  in  Eq.  1  the  dipole  moment  A  (in  Amp.  meter)  by 

A'(l+  cv  (oicjJ) 

(H*) 

where  "a"  defines  the  amplitude  modulation  index  (0^  a  4  1)  and  a 

defines  th6  corresponding  AM-signal  frequency  (e.g.,  in  the  audio  frequency 
range).  Ccnsider  the  relations  between  the  amplitude  modulation  and  the 
polarization  modulation  frequencies  be  specified  by: 


<*7 


(15) 


such  that  A  xis  either  constant  or  varies  in  proportion  with  the  anplitude 
of  tne  signal  that  is  applied  to  the  polarization  modulation  channel. 
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In  practice,  one  must  therefore  consider  the  spectrum  functions  of  the  signals 
transmitted  via  polarization  modulation  and  AM  respectively  over  the  circular 
polarized  radio  carrier  ((Js). 

Conventional  radio  antenna  and  receivers  tuned  to  u->g,  which  are 
located  in  the  radiation  field  of  the  transmitter  respond  in  the  following 
way.  The  rapidly  rotating  EM-vector  field  induces  into  the  conventional 
linearly-polarized  receiver  antenna  an  electromagnetic  field  vector  that  is 
proportional  to  the  cosine  of  the  angle  between  the  fixed  direction  of 
polarization  of  the  antenna  and  the  instantaneous  direction  of  polarization 
of  the  field. 


The  resultant  antenna  output  response  then  involves  the  cosines  and 
sines  of  (  “C")  and  the  angle  of  orientation  of  the  receiver  antenna 
relative  ihe  transmitter  coordinate  system  (Figure  1,  Equ.  l) .  The  voltage 
delivered  by  the  antenna  to  the  receiver  input  therefore  has  an  FM-  and 
AM-  like  frequency  spectrum  conforming  to: 


n  ~  -hOtS 

7  \ 


+r>tJr 


7 


■J 


=  -  oO 


(16) 


where ^ (A^jare  Bessel  functions  of  the  order  n  =  0,  +  1,  2,  etc,  and  of 

argument  A  5  •  l11  practice,  this  spectrum  is  bandwidth  limited,  such  that 
components  of  order  (n)  larger  than  (n)  max  vanish.  For  example,  a  con¬ 
ventional  AM  receiver  would  resolve  (in  the  case  specified  by  (1.2  ,ii)  only 
the  very  small  portion  of  the  spectrum  restricted  to  essentially  the  n=0 
spectrum  component. 


Thus,  a  conventional  AM  receiver  yields  an  output  that  corresponds  to 
the  cross  modulation  product  of  the  AM  signal  with  the  fundamental  spectrum 
component  ate*  evidently  for  constant  AS,  a  conventional  AM  radio-receiver 

receives  the  AM  channel  signal  undisterted;  conversely  a  conventional 
(amplitude  limited)  FM  receiver  connected  to  the  same  antenna  the  polariza¬ 
tion  module. tion  channel  signal.  The  FM  receiver  output  will  conform  closely 
to  the  polarization  modulation  function  Ip  (t)  if  the  overall  bandwidth  of 
the  antenna  and  receiver  circuitry  are  wide  to  include  spectrum  components 
X.  (Ali  of  order  n,  at  least  up  to  values  n  which  are  approximately 
equal  to  the  FM  modulation  index  ;l\$. 

Hence,  if  the  polarization  modulation  phase  deviation,  A  5  ,  and  the 
resultant  received  FM  modulated  index,  &  are  kept  constant,  the  dual 

polarization  modulation  and  AM  signal  transmissions  on  one  and  the  same 
radio-carrier  frequency,  ^s,  can  received  separately  by  connecting  an  AM 
and  an  FM  receiver  to  a  conventional  linearly  polarized  receiver  antenna. 

The  dual  channel  polarization  modulation  and  AM  signal  transmission  capability 
of  a  single  radio  carrier  frequency,  UJ  g,  can  also  be  utilized  for  protection 
of  radio  communications  against  noise  interference  and  unauthorized  inter¬ 
ception  of  radio  messages.  For  these  purposes,  polarization  modulated  and 
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AM  signals  may  be  correlated  relative  to  a  third  standard  of  coherence 
signal  or  reference  code. 

Practical  implementations  of  polarization  modulation  VHF  radio  trans¬ 
ceiver  systems  involving  forward  and  return  signal  transmissions  can  thus 
be  exploited  for  interrelated  functions:  communications,  ground  surveillance, 
and  system  control  to  adapt  the  communications  circuit  to  reflectivity 
changes  of  the  local  ground  environment  under  surveillance. 

These  functions  may  be  carried  out  by  using  a  deterministic  sequence  of 
alternate  periods  of  communications,  sensing,  and  feedback  control  signal 
transmissions  or  by  a  statistical  distribution  of  communications,  sensing  and 
control  signalling  periods.  The  moments  of  this  distribution  would  then  be 
used  for  adaptive  control  of  the  communications  and  surveillance  performance 
characteristics  of  the  system. 

In  addition  to  these  protective  measures  for  communications;  the  geodesic 
features  of  polarization  modulated  radio  signals  in  correlation  with  AM- 
signals  are  applicable  to  aircraft  radio  navigations.  For  these  applications, 
bearing  and  timing  information  can  be  readily  derived  from  the  AM  pulse 
signals;  and  the  wave  shape  distortion  of  the  received  polarization  modulated 
signals  as  function  of  deviation  angles  <7  from  the  transmitters  antenna 
z-symmetry  axis  (Figures  2a  and  b).  This  is  in  effect  similar  to  "VOR"  (VHF 
omnidirectional  range)  navigation,  but  for  only  one  single  radio  carrier 
frequency,  <^s .  Evidently,  dual  channel  systems  using  conventional  and 
polarization  modulation  radio  signal  transmission  modes  on  a  single  radio 
frequency  carrier  are  able  to  perform  a  large  variety  of  tasks. 

However,  in  the  assignment  of  specific  roles  to  the  respective  signal 
transmission  modes,  the  sensitivity  of  polarization  modulated  radio  signals 
to  secondary  propagation  effects,  (reflection,  refraction,  and  scatter) 
must  be  considered  and  properly  exploited.  Proper  exploitation  of  this 
sensitivity  results  in  dual  channel  systems  with  the  ability  to  sense  and 
compare,  as  required  for  surveillance  related  applications.  The  theoretical 
aspects  of  these  applications  are  explored  further  in  the  subsequent  section. 

IV.  Side  Scatter  of  Polarization  Modulated  Radio  Waves  by  Strip-Shaped 

Conductors. 

Side  scatter  of  polarization  modulated  radio  wave  signals  has  the 
following  implications.  Degradation  of  radio  communications  on  the  one  hand, 
and  scatter  target  sensing  an^  tracking  on  the  other  hand.  The  detailed 
mathematical  discussions  of  Appendix  C,  side  scatter  of  polarization  nodu¬ 
lated  radio  wave  signals  from  strip-shaped  conductors  are  of  practical 
interest  in  connection  with:  (l)  Parasitic  scatter  interference  from  wire 
lines,  fences,  poles,  and  towers  outside  the  transmitter  to  receiver  trans¬ 
mission  line  and  (2)  scatter  target  detection  and  determination  of  the  dynamic 
characteristics  of  target  motion. 

The  mathematical  foundations  for  solution  of  EM  scatter  problems  are 
given  in  Sections  C.l  and  C.2  of  Appendix  C.  Practical  specializations  of 
the  resultant  integral  equations  are  discussed  in  Section  C.3  of  Appendix  C. 
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The  problem  involved  is  the  following:  A  conductive  strip-shaped 
scatter  body  is  located  in  the  plane  formed  by  the  elements  of  the  crorsed 
dipole  antenna  of  the  transmitter.  Given  the  distance  from  the  transmitter, 
the  orientation,  and  the  dimensions  of  this  scatter  body,  evaluate  the 
effect  on  the  radiation  field  of  the  transmitter  at  a  given  receiver 
location.  For  this  purpose,  required  explicit  field  solutions  are  derived 
for  an  infinite  conductive  scatter  strip  at  a  distance  xs  from  the  trans¬ 
mitter,  such  that  the  transmitters  y-dipcie  radiator  and  thelength  "1"  of 
the  strip  are  parallel,  whereas  the  transmitter's  x-dipole  radiator  is 
perpendicular  to  the  "b-wide"  surface  of  the  strip.  In  conformance  with 
practical  conditions,  the  receiver  locations  are  chosen  on  or  close  to  the 
transmitter's  symmetry  z-axis  of  the  transmitter-antenna,  at  distances 
Zp,  xs,  as  shown  in  Figure  U. 


Fig.  U.  Geometry  of  the  Scatter  Problem 
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These  geometrical  specifications  of  the  problem  permit  the  introduction  of 
simplifying  approximations  for  the  integral  equations  that  relate  incident 
and  scattered  fields  (Appendix  C,  Equation  C.2.H0.  Resultant  approximate 
solutions  for  the  scattered  field  in  the  regular  polarization  modulation 
case  are  derived  in  Appendix  C,  Section  3  and  given  by  Equations  C.3,20  to 
20' ' 1  in  terms  of  the  Carthesian  System  in  Figure  1|>  3y  transformation  to 
the  spherical  coordinates  originating  from  the  transmitter  location  one 
gets  for  receiver  locations  PQ  close  to  the  z-axes  (Fig.  h)  approximately: 


In  this  format,  the  scatter  field  and  the  direct  field  (Appendix  A, 
Equation  A. 3. 5)  are  superimposed  at  the  point  of  observation  PQ 


(Jl  i  jr  •  ip  •  *9  ssi  ^**4)  to  yield  the  resultant  field. 

Neglecting  the  'iP/^.and  amplitude  terms  in  both  the  direct  (p)  and 
the  scattered  (s)  field  the  equations  for  the  components  of  the  resultant 
field  are  obtained  as  follows: 


(20) 
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The  absolute  magnitude! ^fjof  the  "Transverse  Field"  as  determined  by  from 
the  €xt  and  £<>  components  with 


^  -Tt)] 

(21) 

reveals  the  influence  of  side  scatter  interference  on  the  transmission  of 
polarisation  modulated  radio  signals.  Inspection  of  Bq.  21  shows  that  side 
scatter  interference  induces  a  spurious  aaplitude  modulation  which  is 
characterised  by  a  modulation  index 


j  4tfU 

2  V/r^c  /j 


I  bJ! 
7  h  *s 


(22) 


and  a  spurious  frequency  modulation  conforming  to  the  difference  of  the 
modulation  functions 


'Vi/.  -  fa )  -  Vi  frt) 


(23) 


In  terms  of  the  signal  propagation  tines  from  the  transmitter  to  the 
scatter  strip  T8  and  to  the  receiver  location  Tp,  assumes  for  the 
sinusoidal  type  modulation  (Equ.  2)  at  a  Frequency the  format 


For  the  purpose  of  discussion  of  these  equations  assume  that  the 
receiver  knows  all  the  parameter  values  except  his  own  range  Sp.  Then, 
provided  ft le  has  the  ability  to  extract  a8  (Equ.  22)  from  the  wave  shape  of 
the  received  signals,  he  oould  derive  his  range  value  Spj  or  knowing  a_  he 
could  find  x8  Instead. 
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Thus  in  principle  side  scatter  induced  wave  shape  distortions  of  the 
received  polarisation  modulated  signals  could  be  used  for  the  extraction  of 
information  that  is  useful  for  surveillance  and  navigation.  However  con¬ 
sidering  practical  numerical  values  e.g.  fQ  60  MHz,  i.p.  0  ■  5  m; 
x8  -  20  mj  1  ■  2  m;  b  -  0.1  m  which  gives  aB  -  $  x  10-** ,  the  change  to 
discrlninrte  the  side  scatter  induced  modulation  from  the  natural  noise 
modulation  ir  extremely  small.  Translated  into  communications  this  means 
that  side  scatter  effects  from  other  VHF  antennas  separated  fay  more  th-ui 
20  m  from  the  crossed  dipole  transmitter  antenna  are  negligibly  small  in 
practice . 

This  is  obviously  not  the  case  when  larger  scatter  objects  are  involved. 
Though  the  accuracy  of  the  formulas  for  the  received  electrical  field 
(Bqs.  18  to  20)  diminishes  in  these  cases  the  fundamental  relations  whereby 
side  scatter  Induced  signal  distortion  is  proportional  to  the  area  of  the 
scatter  body  remain  valid.  Then,  with  corresponding  larger  values  of  a8, 
the  dynamic  characteristics  of  the  motion  of  such  a  larger  scatter  body  are 
readily  ertracted  (by  differentiation)  from  the  receiver  output  signal. 

This  capability  can  be  further  enhanced  if  the  small  longitudinal  component 
(Eq.  19)  is  sensed  and  correlated  with  the  transverse  field,  such  that  the 
HF-dependent  automatic  gain  control  response  in  conjunction  with  the  low 
audio  output  signals  of  a  longitudinal  and  of  a  transverse  radio  receiver 
yields  the  s  and  x  movements  of  the  s cattery  body  relative  to  the  transmitter, 
even  in  the  side  scatter  case.  Obviously,  direct  back  scatter  of  the  main 
beam  is  a  much  simpler  case  where  the  polarization  modulation  function  /^(t) 
can  be  easily  controlled  by  the  back  scatter  signals.  The  resultant  target 
motion  tracking  capability  is  particularly  useful  when  long  and  thin  shaped 
scatter  bodies  that  perform  progressive  as  well  as  gyrating  (tumbling) 
movements  are  involved;  using  carrier  suppressed  polarization  modulated 
sensing  signal  transmissions;  it  becomes  relatively  easy  to  discriminate 
between  f**ee  gyrations  and  forced  (internally  controlled)  gyrations  of  such 
scatter  bodies. 

Conclusions 


On  the  basis  of  experience  gained  with  experimental  implementations  of 
Polarization  Modulated  Radio  Systems  and  from  the  further  theoretical 
exploration  of  the  performance  and  applications  of  such  systems,  the  con¬ 
clusions  can  be  stated  as  follows : 

Polarization  modulation  adds  new  dimensions  of  time  and  space  to 
VHF  and  UHF  radio  communications  and  surveillance  and  in  constructive 
partnership  with  conventional  modulation  provides  a  dual  information  channel 
transmission  capability  on  a  single  RF  carrier. 
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APPENDIX 


A.  ANALYSIS  OF  VARIOUS  POLARIZATION  MODULATION  CASES. 


A.1  Derivation  of  free  space  field  equations  from  a  pair  of  crossed  electrical 
dipole  antennas  with  moments  M  and  N. 


Figure  A.1  shows  location  and  orientation  of 
the  dipole  antennas  M  and  N  relative  to  the 
x,  y,  and  z  coordinates  and  in  the  spherical 
system  with  the  direction  unit 
vectors  n,  m,  o. 

The  electromagnetic  fields  are  derived  from  the  Hertz-vector  functions  Z  and 
"2*  ' 


A.1 .2 


.  <F sibf.sihS’ 


+MC0l'f+6- 


SM'fCOS<$J 


As  conventionally  used  in  technical  applications,  the  electrical  antenna 
dipole  moments  M  and  N  are  given  in  amp.  meter.  Time  in  connection  with  the 
signal  carrier  —  radiated  frequency  in  rad/sec  is  counted  negative. 

'Y'  i  (t)  and  ^2(t)  are  phase  functions These  functions  in  connection  with 
the  magnitude  of  M  and  of  N  in  and  n 2  determine  the  character  of  the 
emanated  EM  fields.  The  signal  carrier  propagation  factor  is  defined  by: 


J  -  3  -  il 
s  ~  *  ' 

The  characteristic  impedance  of  the  propagation  medium  is: 


A. 1.3 


lf%- 


A.1.U 


C  .  .  .  dielectric  permitivity  ('  #  ^-12  A*S  for  air) 

p.  .  .  .  magnetic  permeability  (O.lin  *  10~^  —  for  air) 

V*M 

Magnetic  fields  H  are  derived  from  the  Hertz-Vector: 


H-~~VxT 


A.1 .5 


and  the  electrical  fields  by: 


£=  V[V-  T)~  ~  f 


A.1 .6 
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tm 


where  the  Del  Operator  for  the  spherical  system  Is: 


The  derivatives  .  the  direction  unit  vectors  are: 


Employing  the  identity: 

A  -  d* .  z£T 

i  *  l/f/*  f**  '  € 


one  gets  the  "magnetic  field" 
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f 


which  is  rrdiated  froo'the  dipole  manent  M  (Figure  T).  By  replacing  in 
Equation  A.1 .11 : _ _ _ _ _ 

M  - »  A/ 


Further,  for  the  explicit  formulation  of  E,  we  need: 


-4  f  4 

*ifj**£)*  cos  [4*.^]+  *.i. 

+ jjjk'  St‘<nf4*-Uf£- f  ]}  * 


111 
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and 


+  ■ 
A 


/ 

J/'aJ’ 


AS>'» 


JL 

A 


9_ 

~Qa 


A  '.)A  a  Qy> 


A.1  .16 


+ 
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S1  yH/bJ- 


e«*.in+j. 


_  2—  yr 

A  r>/}  ^ 
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A.1.17 
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By  replacing  In  Equation  A.1 .17* 


M  —  N;  ?-*  -y  — / 

one  obtains  the  Eg  components: 


For  example,  the  r -component  or  ^  is  road  off  fToa  the  irh— tic 

representation  Equation  A.l.li  with* 


-rnfamt-n)* 

\  \  , 

-[(/+  }  cosUt-Hl-#)} 

Similarly  the  y?  and  ooaponente  of  in  the  a  and  9  directions,  follow 
Aron  the  tent?  in  the  second  and  third  row  of  the  eoh— tio  Equation  A.1 .18. 


# 
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A. 2  DISCUSSION  OF  THE  FIELD  EQUATIONS. 

We  are  especially  interested  in  the  "contained  field" 


from  the  M  and  N  dipole  antennas.  First  of  all  the  E  component  of  E  which 
is  perpendicular  to  the  radial  direction.  This  E_  component  follows  from 
Equations  A.1.17  and  A.1 .18  by  super-position  of  the  m  and  o  components. 

To  reduce  the  amount  of  writing,  we  abbreviate  the  following 
expressions  by  setting! 

-A 

'  A. 2. 2 

Super -position  of  the  'f  and  s  components  of  and  of  E  yields  E_  in 
the  format  of  Equation  A. 2. 3  as  follows: 
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I 


and  the  radical  component  of  E 


follows  from  Equations  A.1.11  and  A. 1.13  with 


1 

t 
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+(%  *  0/  “»fi} 


With  regard  to  practical  applications  the  most  important  specialization 
of  E  and  H  (Equations  A. 2. 3  to  A. 2. 6)  involves: 

A. 3  THE  "IDEAL  POLARIZATION  MODULATION"  CASE 

Ideal  polarization  modulation  is  characterized  by: 

a.  Equal  magnitudes  of  the  dipole  moments: 

M  -  N  -  A  A. 3.1 

b.  lime  phase  quadrature,  corresponding  to: 

'ttM  =  fz  M  -sfM  A'3  2 

This  gives 

and  in  combination  with  the  spatial  angle: 

[^4  +  C f-A  *  Offc]  A.3.U 

Introducing  these  specializations  into  Equations  A. 2. 3  and  A.2.U 
gives  the  E  field  components  for  the  ideal  polarization  modulation  case. 
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A.3.6 


and  the  H  field  for  the  ideal  polarization  modulation  case: 


//= 


AJ, 


2dtotl. 


The  Pointing  Vector 


P-EXH  A. 3. 7 

in  the  far-zone,  i.e.,  for 

kgr^1  A.3.8 

is  obtained  from  E  and  H  of  Equations  A. 3. $  and  A.3.6  by  dropping  the  terms 
involving  negative  powers  of  larger  than  one.  This  yields  the  Pointing 
Vector  (power  flow  per  unit  cross  section  area)  in  the  far-zone  radiation 
field, 
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Ifc  |  1^ 

*  I  + 


For  graphical  representation,  note  that  E  .  .  .  (i.e.,  the  *sf  y? 
components  (Equation  A. 3*5))  split  INFO:  p 


r-m.  sin  foi/t)) 


COS 


frf/t)) 


A.3.10 


where 


A.3.10' 


where 


A.3.11 


Since  the  sign  of  C  depends  on  the  relative  magnitude  of  ^  j  E 
in  the  near-zone  f'i  pr  <<  1  )  and  E  in  the  far-zone  (1  <<  kgr)  are  180  P1 
degrees  out  of  phase •  Equations  8.3.10  and  A. 3. 11  correspond  to_EUypses. 
Figures  A. 3. a  and  b  below  show  the  relations  between  normalized  E  .  and 
E  „  in  diagram  form. 

p2  ^ 
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The  positions  of  Ep-j_  and  E  shown  in  the  diagrams  of  Figures  A.3*a  and 
A-3-b  are  given  for  the  same  t. 

Of  significance  is  the  proportionality  of  E  with  respect  to 
(for  r  2,  in  the  Far-Zone).  This  ratio  represents  the  FM- 

lnoex  time*  th*  ratio  of  audio  to  c airier  frequency 

Similarly  the  E  component  (Equation  A.3.10*p-directiPn)  depends  on 
this  modulation  index* in  the  Far-Zone.  Hence,  different;  to  the  convention¬ 
al  FM  signal  modulation  and  transmission  techniques,  polarization  modulated 
signal  transmission  involves  modulation  of  the  wave  by  and  z  in  the 

far -zone  of  the  antenna.  J  'j 

Physically,  radiation  of  power  into  the  m  and  o  directions  ( . .  in 
A. 3. 9)  can  be  attributed  to  the  accelerated  motion  of  electrical  charge  in 
the  plane  of  rotation  of  the  resultant  effective  dipole  moment  of  the 
antenna.  !Hiis  plane  of  rptation  is  in  our  case  the  x-y  plane  (Figure  A.l) 
and  the  axes  of  rotation  the  z-axes.  The  modulation  function 
superimposed  over  the  space  angle  controls  the  rotation  of  the  resultant 
effective  dipole  moment  and  of  the  radiated  field  vectors  (Equation  A.3.^)* 
The  dependence  on  the  angle  of  the  electrical  and  of  the  magnetic  field 
(Equations  A. 3-5  and  A. 3 *6)  amounts  to  a  ^  dependent  distortion  of  the 
polarization  modulated  signal  transmissions. 
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A. 4  INCORRECT  PHASING  OF  CR06SED  DIPOMS. 

f 

To  evaluate  the  effects  of  Incorrect  phasing  con 
following  specialisations: 

f  M  =  N  »  A 

i  ' 

as  before  in  section  A.  3  for  the  ideal  case ,  but 

Sf2  ft)  =  M  +  § 

i.e.,  M  and  N  are  180  degrees  out  of  phase  (see  Equations  A. 1.1  and  A. 1.2). 
The  resultant  electrical  field  components  are  obtained  from  Equations  A.1.17 
and  A.  1.1 3  by  replacing: 

-  cos, fl, «  -  cos/!  *.M 
co$fl2  -*■  cos (/-})*  +st  'r>/, «  +  smfi 

where  / 1  and  are  given  by  Equation  A. 2. 2. 

This  gives  the  radial  component  and  the  perpendicular  electrical  field 
component  Er  and  Ep  as  follows: 


iditions  we  consider  the 


A.4.1 

-!  i 


A. 4.2 
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A. 5  CARRIER  SUPPRESSED  (CS)  POLARIZATION  MOIXJLATION  (Method:  G.  Vogt  and 
Associates,  USAECOM,  IER) 

In  the  carrier  suppressed  polarization  modulation  case  the  radiated 
EM  field  rotates  at  audio  signal  frequencies.  The  rotation  of  the  (HF, 

VHF,  UHF)  signal  carrier  field  is  suppressed  in  accordance  with  the  follow¬ 
ing  equations  for  the  Hertz -Vector  Functions: 


COS/ffc).  CDS  f&jJt-Uji) 
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jrrM  Tjf(CS) 

In  practice  ///x  and  I"  y,  are  obtained  by  amplitude  modulation 
of  the  carrier.  Die  phase  between  the  audio  modulation  signals  radiated 
via  the  M  and  H  dipole  is  in  this  case  90  degrees.  By  replacing  in 
Equation  A. 3* 5 


E 


"It 


and  forming 
one  sets  : 


Cos 

/AW  w/t) 

i  1  — 

cos# 

WSSTMCS&. 

n 

•  Q 
SMs 

mwm 

oil 

_ct.A 

0 

7r> 

/ 

J4a 

** 

-Mm 

k 

i  -a* 

1 

Mi)‘J 

/ 

ft*  . 

**\  , 

Uj  +fA 

/ 

4* 

-2*- 

**s 

B.  THE  INFLUENCE  OF  GROUND  PROPERTIES  ON  TRANSMISSION  AND  RECEPTION  OF 
POLARIZATION  MODUIATED  SIGNALS  VIA  CROSSED  DIPOLES 

B.l  Geometrical  Definition  of  the  Problem  (Figure  B.l): 


Figure  B.l:  z  T’O  =  Air,  z  <  0  =  Ground,  A  Primary  * 

antenna  at  height  h  above  ground;  A'  image  with 
respect  to  ground  of  A. 


EM-characteristics : 


Alr 

Ground  fySeoty. 


Index  of  Refraction  of  ground  relative  to  uir:  n; 


Critical  ground  frequency:  ^ ^ 


Dielectric  Regime: 
Conductive  Regime: 


43 


B.2  Hertz-Vector  Functions  for  Air  and  Ground. 

Wt4'A&4l4r/anA  ^  slowly  varisbls(i.e.  treated  const,  la  the  Fourier 
lnt.)thc  Hertz -Vector  functions  of  horizontal  and  vertical  electrical 
dipoles  above  flat  ground  are  given  in  the  literature- (e.g. ,  reference  l). 
In  our  case  the  Hertz -Vectors  of  the  horizontal  dipole  element  of  the 
antenna  (M)  are  given  in  the  form  of  a  super-position  of  the  "direct",  the-  - 
"reflected"  and  the  "refracted"  components  as  follows: 


U 


b.  In  the  ground  half  space  z  <^0i 


4*4], 

e  / 


Here,  the  angle  has  been  introduced  from  the  following  relations 

between  angles  S'  in  air  and 
air  to  ground  boundary  conditions: 


in  the  ground  resultant  from  the 


B.2.3 


B.2.4 
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where  h  corresponds  to  the  "height  of  the  refracted  dipole  charges  below 
the  ground  surface.  These  give  rise  to  a  z -component: 


a.  In  the  Air  Half -Space  z  >0 


46 


b.  In  the  Ground  Half  Space  z  K.  0 


Whereas  the  Hertz -Vector  function  for  N  ,  the  horizontal  dipole, 
required  an  x  and  a  z -component,  the  Hertz-  x  Vector  function  for  Ifr,  the 
vertical  dipole,  requires  only  a  z -component  to  satisfy  the  boundary 
conditions  at  the  ground  surface  z  ■  0,  for  the  04  fields. 
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b.  In  the  Ground  Half -Space  z  <T  0 


The  functions  and  of  are  Bankel  functions  of  the 

first  kind  and  of  zero  and  first  order  respectively.  The  Hankel-Integr&l 
representations  for  the  Hertz-Vector  component  functions  (Equations  B.2.1, 
B.2.2,  B.2.5  to  B.2.8)  are  based  on  the  following  Fourier-Integral  and 
Hankel-Integral  Identity: 


<9 


In  conjunction  vith: 

ft?' b) 

B.2.10 

the  resultant  Hankel -Integral  representations  for  the  Hertz -Vector 
component  functions  (Equations  B.2.1,  B.2.2  and  B.2.5  to  B.2.8)  satisfy 
the  EM  boundary  conditions  at  z  *  Os 

B.2.11 

B.2.12 

oa  K'°L 

B.2.13 

1 

B.2.14 

B.2.15 

wv 

C 

i 

B.2.16 

i 

i 
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i 

i 

I 

i 

— v.». 

j 

i 

i 

The  expression  In  the  integrands,  involv-jg  ,  sin  and  coe  t^Q  are 
(explicitly  or  lnpllcitly)  reflections  and  refmctlon  coefficients: 


I 
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B.3  Evaluation  of  the  Hankel-Integral  expressions  for  the  components  afil 
and  ffl  . 

In  conjunction  with  Equations  B.2.9,  B.2.10,  and  B.2.17  to  B.2.20,  the 
Integral  expressions  for  the  components  of  77*  and  ~fjf  ,  Equations  B.2.1 
and  B.2.5  to  B.2.8  can  be  derived  from  the  following  co—  on  format: 


+i.  .  „ 

‘  * 


-T+r 

rufil 


( cosf+fa-c;SJ. 


{HJMJ.  <S 


4'k(l+Ji)cos9i 


where  we  replaced  /J'  by  »/  as  Integration  variable. 

o 

Since  we  are  Interested  here  the  "Fsrfleld'  configuration  In  space 
and  time  we  employ  the  Assymptotlc  Approximation  far  Hahkel  functions 
for  ??  1. 


Far  example.  In  our  case: 


_ _  B.3. 2 


,/r-ton 


This  Integral  J  becomes  with  the  Image  system  coordinates  of  Figure 
B.3.1:  X 
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jJkR!p4inotl4t*y '+  cosot! c*s9] i 
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The  "Exponential  Tern"  in  the  integral 


't0P>fdin  o/‘‘ '  Sint} +  cos  d  '■  Cost?] 

.1.  R'[C0S (</'-&)]  * 

*e 

defines  the  regions  of  convergence  of  Dx  in  the  complex  plane: 


B.3.3' 


B.3.4 


as  follows : 


far 


rSt»W)<r0 
4>°  \  o^f</'-$i)gTr 

oC-jt^S;  Socf 


B.3.5 


for 


-  Stn >0 

-  w  f  ftc'-S;)  <r  0 


B.3.6 


«"<r  S,  fartr 


Simiarly  for  TirJr  t/>  and  r//’  (Equations  B.2.2, 

B.2.6  and  B.2.8,  the  e-exponent  tern  must  satisfy  the  condition  of  con¬ 
vergence,  as  z  -*-<*>.  This  requires  that: 

-  •  m 

+[e$Cds<)] . > o B-3-7 


The  resultant  subregions  of  convergence  and  divergence  (of  IQ*  Tz*; 
far  Z  —r  -  ^  )  are  identified  in  the  complex  domain  by 

respectively  the  upper  and  lover  sheets  of  the  Riemann  Surfaces  of  the 
domain* 

The  branch  cuts,  which  segregate  upper  and  lover  sheets,  are  defined 
by  the  equal  sign  in  the  expression  B*3*7* 

Setting  in  this  expression: 


"  *  AT 


B.3.7' 


and 


Cos  9*  cos  9, 

/4t#9=  Sih9r  £$ C0s9f  $9 


B.3.8 

B.3.8' 


.yielding  for  Equation  B*3*7: 


•J/h 


one  finds  that  the  following  conditions  must  be  met: 


I.E. 


B-3-9 


in  the  upper  Riemann  sheet. 
Introducing  the  equivalence: 


SinS-=ifl~Cos2^) 


B.3.IO 


we  get  via  Equation  B*3*7  to  B.3.20  for: 


i 
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(a)  The  dielectric  regime  (*8ig  ^  f g  '  ng  "  r8a1^ 

Hf*  *}-{[!-  cosrt,  (*?%] 

*  B.3.11 

/*/,.*£  -  -1  -sin 2$,  •  S42t% 

(b)  Ihe  critical  regime  (f  .  *6  f  ;  n.  ■  complex) 

eig  8  8 

tty  s/nj  /.  (cos  c  ■+  0*  f)  B'3'12 

4t(-  *  jfij  /•  COS 2 /-  ?ft~  6os2t%.  ) 

B.3.13 

2*rrvrt  s/»*/.s,hfr.l 

Hie  two  branches  of  4AT -  0,  -  0  and  »  0  follow  from; 

0  -  r>ysi»2r+ d  sth2$-S42<%  B'3a" 

Their  common  branch  point  is  given  by: 


For  small  values  Y  <&  /  1  where  approximately 

~  /^?/*  ft+jr)  B.3.16 
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one  gets  from  B.3>13  tarjlOjI  «  0 

B.3.17 


and  for  the  branch  point 


cos^.SWr*  o 

(vith  f  <V1) 

Since  /n J}1  ,  the  only  possible  solutions  of  Equations  B.3.17  and  B.3.I8 

are:  * 


& 

Ike  branching  -  0  (Equation  B.3.17)  is  identified  by  setting 

into  Equation  B.3.13.  This  gives  in  the  vicinity  of  the  branch  point: 


***-  a*  -  i-  i  as*  - 

2  S4*4 

the  correspondence 


B.3.21 
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*i »«  *  W 

■«  t  , . 


vr.th 

identifies  then  the  branch  cut  2  ■  o  as  this  part  of  Equation  B.3.13 

where  </  2  — ♦  0  i.e.,  for  ^  0  beneath  the  branch  points. 

The  following  diagram  shows  the  complex  -  plane,  and  the  branch 
cuts  AJ~_  =  ^  by  solid  lines.  Sub-regions  of  convergence  of  the  integrals 
in  Equations  B.2.1  to  B.2.0  are  labelled  O  (upper  Rlehoann  sheet) 

and  regions  of  divergence  are  labelled  4/g  <  0  (lower  Riehmann  sheet). 
Regions  of  convergence  far  the  Hankel  integrals  and  resultant  prototype 
integral  ~J  (Equation  B.3«3)  are  shown  shaded  in  Figure  B«3»2  below. 

Associated  poles  Pi  and  Pu  on  the  lover  and  upper  sheet  in  the 
vicinity  otJ^T/2  are  shown  separately  in  Figure  B.3*3* 


Inspection  of  this  diagram  for  the  complex  domain  in  conjunction  with 
the  Integration  path  for  D  (Equation  B.3«3)  shows  that  the  integration 
path  must  cross  at  »  oi  *  from  the  first  to  the  second  region  of  conver¬ 
gence  (shaded)*  This  path  is  determined  by  essentially  the  exponent  func¬ 
tion  in  Equation  B.3*3'  •  Bius,  we  analyze  the  path  described  by: 


si  -  g  COS  fJ*  oC  ) 


B.3-22 


in  terms  of: 


(i.e.,  in  the  lower  half  space  of  ,  and  corresponding  replacement  of 
the  integration  variable  by  Jr  *. 

The  extreme  of  si  follows  from: 


B.3.23 


with  n 

4/  s  ^  ®  .  Shis  identifies  the  point 

'  as  saddle  point  through  which  all  paths  of  integration  must 
cross  from  T  >  0  to  J  <  0. 

In  the  vicinity  of  this  saddle  point  one  can  express  /i  by  the 
expansion: 


[■ ssl  -/CDS 


ZS*c/'J= 


employing: 


in  the  vicinity 


//V/. 

y*s' 


B.3.25 
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one  gets: 


-  2  '/ 0/  i'sto'/jfy 

-4  •  /-  jpufmfy 

The  path  of  steepest  ascendance  and  of  descendence  through  the  saddle  (given 
by  the  imp binary  part  of  s)  is: 

A3  *  l-f/!t*o('/?(os2y  * 3  28 

Hence,  the  most  rapid  change  of  the  integral  (Equation  £»3*3)  over  the 
shortest  path  length  occurs  along  this  path  through  the  saddle  point.  In 
connection  with  the  exponent  functions  (Equations  B.3*3‘  and  B.3*7)  this 
path  permits  estimation  of  the  integral  values.  For  this  purpose,  the 
slowly  varying  terms  are  taken  out  from  under  the  integral,  and  the  irapidly 
varying  terms  (i.e.,  the  exponentials)  are  left  under  the  integral. 


B.3.86 


B.3.27 


The  value  of  the  constant  sp  obtained  by  substitution  in  Equation  B.3»22 
of  ^  1  ,  follows  with  unity. 

Consequently, 


/ .  /_  x  / y. 


B.3.29 


and 


aM.X 


B.3.30 


The  (-)  sign  is  valid  here,  because  /$  is  expressed  in  terms  of  the  con¬ 
jugate  complex  values  $  *  of  as"  .  As  the  path  through  the  saddle 
crosses  under  -45°  the  real  axes,  one  can  set  this  path  in  the  vicinity  of 

'  :  %  j- 


B.3.31 


and 


=  e‘1$  .  ofJ 


B.3.32 
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where  1  is  a  real  variable.  The  integration  path 


is  bounded  by 


B.3-33 


-<r  +  e 


B.3.3^ 


The  saddle  point  contribution  to  the  integral  ~J  x  (Equation  B.3.3)  along 
the  path  of  steepest  ascendence  and  descendence  (B.3*33)  becomes  then: 


The  paths  of  integration  beyond  the  critical  angle  '  must  be  detoured 
around  the  lower  branch  cut  ^to  prevent  the  path  from  dropping  to  the 
divergent  Riehmann  sheet  /+'  2  >  0  and  from  terminating  on  this  sheet  at 
infinity.  Thus  for  CX  >0 one  must  add  to  the  saddle  point  contribution 
the  branch  cut  detour  contributions  to  the  integral  y 

The  detour,  defined  by  the  integration  variable  in 

V  % 

is  equivalent  to: 


=  0 


B.3.36 


teal  B-337 


6  3 


» 


Since  the  outer  ai*d  inner  banks  of  the  branch  cuts  involve  respectively 
/aT  2  <  0  and  /Ur  g  >  0  one  can  map  via 


B.3«38 


the  branch  cuts  from  the  X  domain  (Figure  B.3*^)  onto  the  real  axes  of 
the  /UT  domain.  The  results  of  this  mapping, 


Vi  - 


Am 


if.  dAt 


//-  (r>f -*>*■) 


B.3.39 


and  the  corresponding  A*‘  diagram  is  shown  in  Figure  B.3»5* 
Tie  solution: 


j  (Saddle)  C0So(- 


B.3.39' 


is  restricted  to  angles  ^  less  or  equal  to  a  critical  angle: 


^  c{c 


B.3.39’* 


As  demonstrated  by  the  diagram  below  (Figure  B-3.4),  for  angles  ‘V*  that 
exceed  ,  the  path  (  =  -  77 /i+  )  of  integration  becomes  trapped  into 


a  detour  around  the  lower  branch  cut. 
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* 


Detour  Integration  Path 
In  the  at  Domain  . 


Figure  B»3«5 
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Introducing  further  cylindrical  coordinates 


g'sin  oi1  =  A. 

'  cos  (et-SUfe* 


f 


B.3.^0 


the  branch  cut  detour  contribution  to  the  prototype  integral  J y  of 
Equation  B.3*3  assumes  the  following  format: 


/  kr*+— 


Similarly'  to  the  saddle  point  approximation  far  (Equation  B.3.39) 

the  integral  for  the  branch  cut  detour  is  obtained  by  application  of 

the  saddle  point  approximation  method  to  thei,Ardcmain.  For  this  purpose 
we  write  the  exponent  term  of  £  in  Equation  B.3»^l  as  follows: 


£  ~  to1  +  (i  (r>j-  tv*) 

= j^oR'-fancC-  V ttf-  tv*"'  ■+ 

+  Cos  </'?/-*.*-  lo  *]  S=r 

=  jssJkoR1 


B.3.1^ 


From 


_ 

dA*J 


= _  ,^1-da^L, -  “‘S'  7 ,  j 


^3 


and  the  resultant  saddle  point 

/V  ~  0  B.Z.Uh 

the  corresponding  branch  point  B1  of  the  S  domain  is  recognized  as  a 
saddle  point. 

Introduction  of  the  expansions 


B.3.^5 


f 


2  1 f 

-#f+#  - 


B.3.^6 


and  reintroduction 


of  S' 


via  Equation  B.3»15 


ng  "  8ln  v  31 


B.3A7 


m 


I 

1 


a  - 

Jt 

1 


1 
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gives 


2  sth 


B.3.48 


where  we  set: 


S/  'n  fot- 


-  /</■  e 


1*3 *48' 


The  line  of  steepest  descent  is  then  given  by: 


Ono^.j^  •  cos  fa ,)  -  A*/  £ 


B.3.49 


with  the  const.  determined  by  substitution  of 


=  0 

Tmag  A I  =  (const.) 


B.3.49' 


whicfc  gives 


-  / 40?- *£/•/*/•(**/  +  hl'2io,t/rsihyx  o 


B.3.50 


This  is  brought  into  the  format,  using: 


40  =  /mJ  q  ^  s  *0, 

k/l=  /#/■  el2?  =  /&  !*[((> sty  * - 


B.3.51 


furj  S ]<c)-  f-coity-  cety  +  s/»ty  o 


B.3.52 


68 


1  *6*  , 

-COS  )  -  o  B.3.53 

which  yields  the  angle 

B'3'54 

at  which  the  line  of  steepest  descent  crosses  the  sack'.'1  e  point  w  =  0  (i.e. , 
the  branch  point  B'  of  the  domain). 

Thus  analogous  to  Equations  B.3.28  to  B.3*33>  the  largest  contribution 
to  the  Integral  comes  from  the  vicinity  of  the  saddle  point,  where  the  path 
is  represented  by: 


/UT*  J. 

and 

c/m>=  cfj. 

Equation  B.3«^8  assumes  then  the  format: 

With  Equation  B.3«57  substituted  into  the  integral  Equation  B.3*^l  one 
obtains  the  contribution  from  the  path  of  steepest  descent  through  the 
saddle  point  w  ■  0  as  follows: 
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m*x 


7,- 

a'  2  fr  ?  • 

-f=*€ 


A-< 


I .  -j4Al*L 


Expansion  of: 


Afa»)-*ba)+*&'*h" 


with 


B 


f\  t  ^j.)  from  B.3»55|  and 

associated  with  the  following  functions  rV/  '  associated  with 
respectively  ff*  J  of  Equation  B.2.1  to  B.2.7  in  terms  of  the  v- 
variahle  (Equation  B.3»38). 


B.3.60 


where  in  particular  by  application  of  de  L'Hospital's  rule  the  following 
expressions  become  valid: 
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T  to\ 

Consequently,  in  connection  with  one  must  keep  the  total  expansion 

(Equation  B.3.59)  under  the  integral  sign,  since  the  sere  ^rder  term  alone 
4?  .  o  )  taken  before  the  integral  as  slowly  varying  with  w, 

yields  a  trivial  zero  contribution  to 


Thus  with 


!$• 


>y  >1. 


B.3.61* 


J/o}  1  //T  -js  #> 

-v, 3  ~?Hv  c  v.  e  M ,  £_ _ 

[df.  J.  f 

( *=?■*? L 


■iff*/) 


,  g  l.j 

‘dkrJJ 1 
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AS  pointed  out  before,  the  aero  order  term  involving 

*‘+t 

2  /  *  (?  at  Q 


B.3.65' 


vanishes  i 


A- 


idler eas  the  first  order  term  becomes  by  change  of  the 


variable: 


t'.Ar'M-J* 


B.3.66 


A- 


fjj'/c/)V*  JL  ’  ' 


£*+MoP'lc/ 


B.3.67 


a  Laplace  integral  which  assumes  the  value: 

— ►  -  A  fP 

At’}  it*  (4./rk/y/*_ 


n 


He  introducing 


<•1 


for  w 


0  the  corresponding 


B.3.68 


one  obtains  for  &;}!*  £>.  3.  He  ironck  out 


where  from  B.3.6U 


B.3.69' 


For  th3  branch  cut  contributions  to  »>  on  the  other  hand, 

where  (Different  from  Equation  B.3.36) 


the  resultant  finite  aero-order  approximation  is  sufficient  one  getsl 
(hy  otherwise  fully  analogous  procedures) 


Similarly,  for  the  branch  cut  contributions  to 
where 

/M  fff.  2 

*-*  o  ]/i~n*+  u « 


7f/OJ 


1 


B.3.72 


one  gets: 


T'._L  2- */»*%> 

Af“  '  2pb‘Jt.  * 


B.3.73 


c°«i- 


Sfh  of  ' J /in /of ) 


7  J 

*  e 


■AP-mfr'l) 
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Further,  in  addition  to  the  saddle  point  ffC  1  aM  the  branch  cut  M  , 
contributions,  the  integrand  function?  \Ai*  \Ag  Pg  *  of 

respectively  j/3';  j  and  7ff}  contain  poles.  The  resultant 

residue-integral ' terns#  correspond  to  ground  surface  wave  inodes.  At  the 
frequencies  which  are  of  interest  here  (VHF,  UHF)  add  at  the  heights  of 
transmitters  and  receivers  above  ground  as  used  in  practice,  these  ground 
surface  wave  modes  become  insignificant,  even  for  ideally  flat  ground  surface 
conditions,  and  even  more  so  under  actual  rough  ground  surfaoe  conditions * 


Hence  the  ground  surface  wave  mode  contributions  are  neglected  in  the 
subsequent  formulas  for  the  Hertz-  Vector  functions  as  obtained  by  super¬ 
position  of  the  respective  primary  and  secondary  —  saddle  point  and  branch 
cut  terms  (Equations  8.2.1,  B.2.5,  B.2.7*  B.3«3,  Figure  B.3.2,  Equation 
B.3.39,  B.3.69,  B.3.69',  B.3.71,  and  B. 3. 73. 


The  resultant  equations  are  given  in  the  following  section  B.U  in 
conjunction  with  the  derivation  of  the  electrical  field  components  as 
functions  of  ground  conditions. 


*for  example  the  pole  yields 


at: 


.=■  £//?4 


7> 
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B.U  The  Hertz-Vector  Functions  w*;  ir?  and  7r/P>; 

the  resultant  electrical  fields  in  the  air  space  , 


fU 


t 


r  h  fcos  fy) 

I  —  1" 


& 


B.U.2 


/ 


L  fin 'j/tmoL  •  )  A* 


for-  o()^C<c 


j[AP'cos  fctL$t.)] 


Of  significance  is  here  the  cos  ^  dependence  of  Tfg  relative  to 
The  latter  (Equation  B.U.1 )  on  the  other  hand  involves  in  its  third  term 
(A  R*)~z  •  Hence,  for  /t,  ^  1  this  third  term  becomes  small 

when”  (Figure  B.3.U). 


Simiarly  for  the  vertical  dipole  element  Ng  one  gets  the  Herta- 
Vector  function  TTf^3^  AS  follows: 
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B.U.3 


Equations  B.4.1  to  B.U.3  above,  are  valid  in  the  far  zone,  i.e.,  for 
distances  k  R'  1 .  Hence,  in  the  subsequent  determination  of  the 
electrical  0  fields  via  (Equation  A.1 .6) j 

— 99 

£  *  B,u,u 

we  retain  from  the  grad  division  terms  those  which  are  inversely  proportional 
to  R  and  drop  the  higher  order  l^p  n;  n> 1  contributions. _  Employing  spherical 
coordinates  R,  y ,  and  fT  r*  cr  unit  base  vectors  n,  m,  o  one  gets  t 
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(in  general,  in  the  unpriced  and  the  primed  image  system) 


*  *  'i  *'  ,  * 

■=>  COS'*  •  Sin  t/ +  CoS</' 

' _ a*  _ 

v  (?■  ■*  +£■&]• 

.0.  Cosf.  *•«+%%.  Wj. 


‘‘i’ll 
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In  consideration  of  the  magnitude  of  these  equations  and  resultant  express¬ 
ions  for  the  electrical  fields,  it  becomes  necessary  to  split  the  Hertz- 
Vector  functions  into  primary  and  secondary  (reflected)  terms  as  follows: 


B.U.6 


B.h.7 


where  the  secondary  terms  involve  the  primed  variables  in 

Equations  B.U.1  to  B.U.3. 

Further,  by  inspection  of  the  grad,  din  7T  terms  in  Equation 

B.U.5  one  finds  the  following  1 A  terms: 


and  simiarly  from 
Further: 


B.U.10 
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„  „  J  r 

-  * 


in  the  secondary  »«rt.^Mtor  function.  ^ t^.  'in 

**££*&  o  attributions  to  the 

radiation  field: 

Similar  as  before  far  the  primary  fields: 


-e  J 


and  from 


/  *fei 

f[  ]tff* 

(ros/s-jJ/*  _  l‘ 


B.U.13 


and  further  in  connection  with  the  tan  in  Equation  B.U.5 
one  obtains  a  1/  ,  contribution  to  the  radiation  field  fron 

rrMs  /y? 

jf  2  Equation  B.lt.2,  second  tan  l.t.lt 


B.U.15 


&(*** 


■j: 


£  S/if 


*'* 'jAfbufc  V  ^  / 

•  <fy  +■■  { 

- rrr /*&* 


and  fully  analogous  Aron 


Equation  B.U.3  the  third  tan 


iH=)n 


Sin  2 /*'-£>. ! 


J<J!cos  fri*,,) 
@  * 


B.U.16 


:  } 


The  third*  branch  out,  tan  i r  Equation  B.b.1,  i <at 
of  Equation  B.I4.6  yields,  /  no  type  contribution  rla  * 
Equation  B.U.5* 
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Expressing  the  cartheaian  unit  base  rectors  T  and  ic  in  respeetirely  the 
primary  and  image  source  o  ante  red  spherical  systems  by  unpri*ed_R  £ 
and  grimed  R'  *f*  <<•  coordinates  and  re  spec  tire  base  rectors  nj  mj  o  and4 
n 1  j  m'j  o'  where: 


'fsf'  }  fa  m  jft1 

£=  n-  rosy.  sth/S-  fr'Ccsy-cost/ 


B.U.17 


—  —  ’  —  B.U.17' 

hr-  /t-  cost/-  st»</ 


one  obtains  the  following  equations  for  the  primary  (direct)  and  secondary 
(ground  reflected)  electrical  fields  from  the  dipoles  and  N#« 


-for  Jk0R  &  1 


and  fully  analogous  to  Equation  B.U.1  fi 
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Further  from  TT/o)  of  M*  Equation  B.U.2  and  subsequent  derivations. 
Equation  B.U.5,  B.U.7,  B.4.H  and  B.U.15  follows:  0  f 


hi  n.  •  '* 


mB.U.19 


jA£>‘ 

/ - —  j> 

.<*»*#  t±s£t£S.  £ _ 

ffjCosol+yn*-  si»3o((  Af 


0 


-TT'o) 


f/g  i.e. 

follows  in  this  case  a  1/R  type  contribution  to  the 


and  from  the  branch  cut  term  of 
follows  in  this  case  a  1/R  type 
electrical  radiation  field,  which  is  given  by  ! 


% 


as 


•for 
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SiMlar  to  these  electrical  fields  from  hL  one  gets  the  primary  and  / 
secondary  fiel03  from  N  with  Equation  B.4.3  end  the  subsequent  Equations 
B.U.8,  B.U.IO,  B.U.12,  and  B.U.16  resultant  from  Equation  B.U.5  and  B.U.5' 


B.U.20 


O 


and 
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The  complete  solution  for  the  polarization  modulated  electrical 
radiation  field  in  the  air  half  space  above  ground  is  obtained  by  euper- 
position  of  the  above  primary  and  secondary  field  solutions  (Equations 
B.U.18  to  B.U.20'). 
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-  'ft  - 

^ Pot  Mod .  ~  LMx  +M  CM,  (*>  »,  (tr*,  + 

ioiot  /0)  f  )  fo) fa) 

+  4;*  4  *4 

The  electric  field  equations  B.U.18  to  B.U.21  are  valid  for  the 
dielectric  ground  regime  (i.e.,  f  >  e.g.  the  VHF  -  range). 

Of  particular  interest  are  these  specializations  of  Equations  B.U.18  to 
B.U.21  which  conform  to  the  practical  conditions  of  the  experimental 
system.  These  specializations  are  the  topics  of  the  subsequent  sections. 


B.5  REGULAR  POLARIZATION  MODULATION  CASE  —  INFLUENCE  OF  GROUND  ON 
POLARIZATION  MODULATED  VHF  RADIO  SIGNAL  TRANSMISSIONS. 

Consider  the  geometrical  specialization  described  by  Figure  B.5.1  and 
referred  to  as  theoretical  model,  where  transmitter  and  receiver  antennas 
are  at  equal  heights  "h"  above  ground  (z  *  0)*  such  that 


*  2  '/  R-A  -  R  'sine/  =  y 

/“J*  /  R&*R>Coso(> 


B.5.1 


B.5.1' 


*fUe  local  reflecting  area  labelled  parkway  in  Figure  B.5.1  refers  to  the 
Red  Bank,  N.J.  No.  109  exit-entrance  section  of  the  Garden  State  Parkway 
which  touches  the  ground  projection  of  the  line  of  sight.  Fart  Monmouth  to 
Middletown  (Telegraph  Hill  Park)  transmission  path  of  the  experimental 
system. 


90 


K 


By  the  above  specialization  of  the  geometrical  parameters,  the  following 
relations  become  valid: 


-  k  j  -m=  z  ■  n  =  4 

/?'=  $'Vl+ (**/?)*'  ;  / 

n  «  / •  sin*' +K-  (OStC'aJL +  K.tfJ 


B.5.2 

B.5.21 


B.5.2" 


fr' -£■  foSo('-  K.S/not's;  jL'fe’24  ~*'Yl 


further,  from  Equation  B .3 •  1 5 
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•ft 

V 


In  practice  where 

/  B  S-! 

the  following  approximation*  become  applicable:-*  *  '  * 

»  /  /  /I  \  .  . 


unw  iwiAw.  .•  “hK*  — - applies 

tcosfc-%,)-  jn3  Jt 


similarly 


B.5.6 


B.  5.7 


and  the  secondary  (reflected)  wave 
approximate  representations: 


w  ~  t 

terms  assume  then  the  following 


CelU-l/^-SmV  /  "i 

Cosi/'tfn^-smV  U  V 

7T~D 1  - L-Ul/ - 

L  ?•  e. ...  ~  - 


JtoR'  &e<f 


B.5.9 


■hitfi 


n f  Co soi  '+hp-iinLt(  ca  +  jlv.  ,  u  i7 

'''+(+1)  far  ^Cwy  Coffac  -foe  fat:  J  B.5.1 


2A 


and  in  conjunction  with  Equation  B.5.7  one  gets  for  Equation  B.U.201 

cub,  _ 

ft-  »f)  '*  . 


*#-</■ 


nr-fot)* 


B.5.11 


=  -j- \(£ 


-  /-,-V 

The  primed  (image)  base  vector  -  sine  and  cos  0^  products  approach 

-f'.jtbot  *  ~[t  jy  ~ 

and  A  rC  ft  I A  .  J2, 

K’-O*'.  ■#]■#*  f-p-g-tjg 


and  the  products t 


(Equation  8.1^20' ) 


Ti  '(cos2U- *%,J ]-a>r</ = 


ft'  v  ?]**  f 


2JL  ,/ 
T‘  7 


B.5.13 

^ -2  x 

r' nj 


and 


B.5.13' 


-  &  ••J-  (osfc-ty 

*  'irv/ot'-Sfi,)  *  </£/  *  ^  /$)  —+ 
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^nt  rut 
0  * 

Further  taking  note  of  the  vanishing  of  all  terns  Involving  ooe  i..  -  fSj  toe 
i.e.,  in  particular  vanishing  of  '#£>/  and 
(Equations  B.U.19  and  B.b.19')»  one  gets  the  following  approximate  contribu¬ 
tions  to  the  total  electrical  field  at  the  receiver  location  x  *  0}  y  *  Rj 
a  -  h  (Figure  B.5.1)  for  kj.  1j  l^h  >  0. 

(1)  Fro*  Equations  B.U.18  and  B.U.181  with  the  apecielisations 
Equation  B.5*2  aid  related  approximations  of  Relations  B.5.8  and  B.5.9; 

v  '  •  A  t 

x  A 


(3)  frm  Equation  B.U.20'  and  with  the  specialisations  and  related 
approximations  Equations  B.5*2,  B.5.2",  B.5.3  and  B .5.5,  B.£.9*  B.5.10, 
B. 5. 12  and  B. 5. 12' 


and  similarly  from  Equation  B.U.20",  in  conjunction  with  the  approximations 
Equations  B.£.U»  B.£.11  and  B.5.13* 


-f] 

€  • 


B.5.15" 
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Super  position  of  the  flsld  Equations  B.5.1U  to  B.5.15"  and  neglecting  terms 
involving  1/y_,  yields  the  total  electric  field  in  the  carthesian  vector 
components  oir  Figure  B.£.1  at  the  receiver  location  x=0,  R*y,  zah  for 
0  <r  h  <r<  y  and  kQy  1 . 

In  the  subsequent  Eouation  B.£.l6  for  this  field  E  (Oj  y  ;  h),  the 
upper  (-)  signs  and  the  lc  wer  (+)  signs  refer  to  respectively  zero  and 
infinite  (i.e.,  bumper  to  bumper)  automobile  traffic  density  in  the  Red 
Bank,  N.  J.  area  of  the  Garden  State  Parkway,  about  halfway  between  the 
Fort  Monmouth  and  Middletown  terminal  stations.  This  reflecting  Red  Bank 
section  of  the  Garden  State  Parkway  (No.  109  exit  and  entrance)  bulges 
towards  north  from  an  essentially  northwest  course,  such  that  it  touches 
there  the  ground  projected  direct  signal  transmission  path  (Figure  B.5.1), 

The  effects  from  the  automobile  traffic  density  related  local  ground 
reflectivity  and  corresponding  signal  distortions  show  up  in  the  +g  and  k 
components  of  the  spsce  wavs .  Part  of  E  (Oj  y;  h)  (Equation  B.£.l6,  next 
page ) s 


For  zero  traffic  density  we  have  the  terms: 


and  then  constructive  interference 
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C.  SCATTER  OF  POLARIZATION  MODUIATED  RADIO  WAVES  FROM  METAL  SCOP  SHAPED 
BODIES 


C.l  Application  of  Babinets  Principle. 


Hie  mathematical  discussion  of  the  scatter  problem  is  based  on 
Babinets  Principle.  Whereby  a  narrow  slow  in  an  infinite  large  metal 
screen,  and  a  thin  long  metal  conductor  are  complementary  with  regard 
to  diffraction  of  the  incident  EM  wave  field  and  the  scattered,  l.e.,  the 
transmitted  and  the  reflected  wave  fields.  The  corresponding  situation'll 
illustrated  below  in  Figure  C.l.,1.  — - 


Region  1 

reflected  field 


Y\orMoL  Re6ion  11 
’  A  transmitted  field 


£&•  H  ft) 


1  no identp rimary 

tMi  '  jj  fit) 


>  E(i)  H  (l) 


Points 


V 


'P*M 

£M  pM 


points  —  /  \ 

r  f/i) 

EV.uM 


/ 


Fig. C. 1.1  Field  Vector  lot at ion 

Reflected  and  transmitted  fields  form  the  scatter  field  and  ff(s).  The 
total  fie?.d  in  regions  I  and  II  is  written  as: 


EM\  rM 

H ■  T}t0*pM 


C.1.1 


where  s  =  r  in  region  I  and  s  =  t  in  region  II.  Point  locations  P3^?')  and 
P(r)  in  region  I  and  II  respectively  are  referred  to  a  common  arbitrary 
origin.  Distances  from  points  P*  and  P  are  taken  large  compared  with  the 
wave  length,  such  that  Frauenhofer  type  diffraction  is  (Observed  at  these 
points. 
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The  symmetry  conditions  imposed  by  the  screen  of  infinite  large 
electrical  conductivity  and  the  resultant  boundary  conditions  yield  for 
the  electrical  fields: 

2  _  ■?/*>  -  -fH 

=  nxt  -  rtxt  =  o  oa-2 

and  . 

f»x?/  EM)-0*0  0.1.3 


Further,  antisymmetry  conditions  with  regay d\ to 
7  as  induce ted  by  the  incident  field  H'1'  ii 

dw  nnniH+Inna  W'®»  and  H ^ ^  erlwoc  fVu.  fnlli 


ary  conditions  for  H 
magnetic  fields: 


give: 


the  surface  current  density 
in  conjunction  with  the  bound- 
tht:  following  relations  for  the 


and  thus, 

+WxHM)  015 

Equations  C.1.4  and  C.1.5  specify  the  scattered  fields  in  terms  of  the 
surface  current  -  secondary  source  on  the  screen  surfaces.  Consequently, 
at  the  mirror  image  points  in  regions  I  and  II  (relative  to  the  screen)  the 
following  relations  remain  valid  as  they  exist  on  the  screen. 


=  F.  M 


C.2  Field  Representation  ^n  Terms  Vector  Potential  Function  A  and  as  a 
Green  Integral  over  3  and  ^  for  Complementary  Diffraction 
Systems 
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*yw*vu,ffB 

If 


t 


I 


Employing  the  following  relation  between  the_ Herta-Vector  function' 
Equation  A.  1.5  and  the  vector  potential  function  A, 


f=-*'A 


c.2.1 


so  that 


^  Af  =  VxA 


C.2.2 


one  gets 


Soutre 

/or. 


et* /«•*,! 

jrzr 

A  ArJ/- 


C.2.3 


where 

shall  correspond  to  a  sinusoilally  varying  source  current  density 


a  l*s>  *)**{%)•& 


C.2.4 


Let  the  source  volume  shrink  to  thin  sheet  J''  thick,  such  that 

__  C.2.5 

a  '  d*  -  (a  (as)).  S' 9  J 

-Vz 


remains  finite  as  a  surface  current  density  (Amp/m).  Then  Equation  C.2.3 
reduces  to  a  surface  integral: 


A* 


C.2.6 


s 


/a  -  Xs/ 


too 


r 


Here  are  ^  the  field  point  and  /i.  the  current  source  point 


and 


6{x;  *s)  *  - -  — — 

iivl*-Fsl  t+irR 


C.2.7 


the  Greens  function  Kernel  via  the  vector -potential  A  of  Equation  C.2.6  and 
Equation  C.2.2  one  gets  in  our  case 


C.2.8 


element  of  the  screen,  and 

function  involving  point  locations 
on  the  screen.  Substituting  far 


where 


a  surface 


o/as  ia 

0[n;Fs)  the  Green 

in  region  II  and  Af 
7  from  Equation  C.1 .$  yields 


where  the  integral  is  taken  over  current  carrying  part  of  the  screen 
H.e.,  exclusive  the  slot). 


mmmmmrmimimv 


f  c 


Application  of  Babinet's  principle  to  Equation  C.2.9  (i.e.,  transition 
to  the  complementary  metal  strip  instead  of  the  slot  in  the  metal  screen) 
involves  Interchange  of  H  and  E  with  E"  and  H*  respectively  for  the  c ample - 
mentary  metal  strip  diffraction  system. 


,ti  E  *,*,  FM>) 

H*') 


p“ 


"-e*n  j 

C.2,10 


is:  •  i 

C.2.10* 


where  the  positive  sign  is  chosen  for  the  out  going  secondary  radiation  from 
the  metal  scatter  strip.  Thus  on  the  basis  of  this  correspondence ,  the 
incident  field  for  the  complementary  system  involves  the  change  from 


Hu> 


C.2.11 


Consequently,  Equation  C.2.9  becomes  for  the  complementary  diffraction 
system  (thin  metal  strip)} 


C.2.12 


The  cross  product  term  in  the  integrand  of  Equation  C.2.12  can  be  considered 
as  a  ficitious  mangetic  surface  current  density  7 *  (in  volt/m).  Analogous 
to  the  original  slot  screen  diffraction  system,  this  fictitious  secondary 
magnetic  surface  current  density  is  then  induced  by  the  primary  incident 
electrical  field  S'1'  ,  and  approximately  given  by 


) 


C.2.13 


The  resultant  forward  scatter  field  from  the  strip  corresponding  to  the 
field  in  region  II,  of  the  complementary  slot  system,  Figure  C.1.1, 
becomes  therefore 
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In  this  format}  tho  problem  is  recognized  as  the  determination  of  the  surface 
integral  for  a  flcitious  magnetic  surface  source  current  distribution  equal 
to  that  of  the  tangential  component  of  the  incident  electrical  field.  The 
back  scatter  field  (i.e.  the  reflected  field  E'r' '  in  region  I)  is  found  by 
symmetry  considerations  in  conjunction  with  the  original  slot  screen 
diffraction  system. 

Referring  to  Equations  C.1 .6  to  C.1 .7'  and  the  transition  Equations 
C.2.10  and  C.2.10'  the  following  relations  are  valid  at  the  image  points 
r*  of  region  I  relative  to  r  in  region  II  for  the  complementary  strip 
diffraction  system: 


and  vice  versa 

h^m. 


■+ 


P>x(E%)x?i) 

-n‘{ H  ^/R).yj)-+ 
h'x  fhf  ^/a)XMj) 


C.2.16 
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In  this  format  the  problem  is  recognized  as  the  determination  of  the  T 
surface  source  current  distribution  equal  to  that  of  the  tangential  cathponfeRt 
of  the  incident  electrical. 

C.3  SIDE  SCATTER  OP  POIARIZATION  MODUIATED  RADIO  WAVE  SIG^AIS  PROM  STRIP  - 
SHAPED  CONDUCTORS 

*•  yi 

(a)  Statement  of  the  problem: 

t: x  . • ; i* 

A  thin  strip  shaped  conductor  of  length  1  end  width  b  (l  >)  is 
located  to  the  side  of  and  in  the  plane  of  the  crossed  dipole  transmitter* 
antenna  A.  The  distance  between  this  scatter  strip  <md  the  antenna  1# 
large,  such  that  the  incident  primary  field  at  S  corresponds  to  the  antennas 
radiation  field.  Simlarly  the  observer's  location  shall  be  in  the  radiation 
field  regions  of  both,  the  direct  and  the  scatter  waves  from  the  transmitter 
and  the  scatter  strip  respectively.  This  situation  is  illustrated  be ldw  ip 
Figure  C.3*l. 


of  scatter  strip  produced  secondary  field  interactions  can  be  neglected, 
and  the  field  at  the  observer -receiver  location  P  obtained  by  super 
position  of  the  direct(primary)  and  the  scatter  field  from  respectively 
the  crossed  dipole  transmitter  antenna  and  the  scatter  strip. 

(b)  Formulation -Solution  of  the  Problem  for  Regular  Polarization 
Modulation 

__(1) Applying  Equation  A. 3*5  for  the  formulation  of  the  radiation 
field  E  incident  on  the  scatter  strip  (Figure  C.3»l)  the  following 
sped  ilizations  must  be  introduced 


1Q{ 


o  / 


(%•  9o°) 

o/  Blvoi-Afs+rt+rt  ] 


Dropping  the  near  field  terms  in  Equation  A. 3*5,  the  tangentially 
incident  field  on  S  becomes: 

r  (* )  r 

^y,  “  Co5'fj  * 


C.3.1 


_  Z^.  .  /r& 

'Co  lfTifefs  (  ^0* 
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where  from  Figure  C.3.1: 
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Considering  Equation  C.3*2  as  the  real  part  of  a  complex  function,  E  in 
complex  notation  is  expressed  by:  y 


F lfE>  A  t*  ^ 
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In  this  complex  format,  El."'  serves  in  accordance  with  Equation  C.2.13  as 
source  of  the  fictitious  magnetic  surface  current  density  and  the  resultant 
scatter  field. 


For  the  in  practice  most  important  case  of  signal  reception  at  points 
P0  close  to  the  z  axes  (Figure  C.3*l)  and  interference  from  scatter  radiatJon 


emanating  from  8.  the  following  approximate  relations  between  the 
coordinates  A  <*  *o  «*  fs  J  ( *£*  f°*J;  /s  X  a 

of  8  are  applicable  (See  Figure  0.3*2)  ^  ' 
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where 
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end  ^  the  unit  vector  in 
£  I  ^  ~xt  ¥>  *  carthe*ian  »y*tea 


the  unit  vector  In  the  +y  direction  of  the 


and  J<XS 


For  the  practical  condition* 
one  get*  epproocinately: 
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FlC*B*  0. 3-2.  Scatter  Problem  (Oaoaatry) 


Introduction  of  the  approximation  Equation  0.3*6  into  the  Green's  function 
Equation  C.2.7  gives: 


and  Equation  C.2.14  yields  then  the  scatter  field  vlth: 
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and 
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C.3.10' 


Substitution  of  Equation  C-3-10  reduces  Equation  C.3-|S>to  approximately 
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where  V-h  has  been  neglected  as  small  compared  to  one  in  the  exponent 
of  (e).  '  5 


The  integral  expression  in  Equation  C.3«H  involves: 
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and  where  we  set: 
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In  terms  of  the  integral-solution  Jq 


Equation  C.3.11* 
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Reintroduction  of  carthesian  coordinates 
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yields  then: 
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The  formation  of  the  curl: 


Ja 


involves  the  operation: 
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and  requires  the  following  differentials 
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and  similarly 
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Collection  of  the  respective  differentials  jequs.C.S*!1*  to  .15 
in  conjunction  with  equation  C-3-13  gives  the  following  field  equations 
for  c/'*V  in  region  II  ,  x  >  xa 
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/t\'The  reflected  field  in  region  I,  x<?  x  Figure  0.3*2  follows  from 
E'  '  by  application  of  Equation  C.2.15,  where  in  our  case  the  normal 
and  tangential  field  components  relative  to  the  scatter  strip  surface 
correspond  to  the  x  and  the  y,  z  components  respectively. 

Further,  since  erf  interest  are  here  the  fields  primary  and  scattered 
on  or  close  to  the  z-axes  (Figure  0.3*1  and  F  gure  0.3*2)  where: 


we  let 
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and  via  De  L'Hospital's  rule 
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Introduction  of  these  approximations  into  Equations  0.3*17  and 
C.3.16  respectively,  gives  the  following  equations  for  tne  scatter 
field  components  on  and  close  to  the  z-axes: 
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